


VPL’s	
  Scien,fic	
  Ques,on	
  

How would we recognize 
whether an extrasolar planet 
can or does support life? 



Planets, planets, everywhere… 
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Orbital Period in days J. Fortney and N. Batalha 

As of this morning…. 
1849 Planets, 1160 planetary systems, 471 multi-planet systems  



Companions	
  for	
  Earth	
  	
  

Batalha, 2014 
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Adapted from Testimony to Congress Given by J. Grunsfeld (May 5, 2013) 



Target Selection via Comparative Habitability 

✔ 

JWST may only be able to observe a single HZ target in detail 



M	
  Dwarf	
  Planets	
  
Their	
  proximity	
  to	
  the	
  parent	
  star	
  
complicates	
  planetary	
  habitability	
  
for	
  planets	
  orbi,ng	
  M	
  dwarfs.	
  	
  	
  
	
  
The	
  first	
  poten,ally	
  habitable	
  
planets	
  amenable	
  to	
  spectroscopic	
  
analysis	
  will	
  likely	
  be	
  found	
  
orbi,ng	
  M	
  dwarfs.	
  
	
  

–  JWST	
  Transit	
  Transmission	
  of	
  a	
  
super-­‐Earth	
  in	
  the	
  habitable	
  zone	
  	
  

	
  
	
  	
  



VPL Mission-Relevant Goals 
Enhance the science return from the Kepler mission 
•  providing the fundamental research, and the suite of modeling tools 

required to make an interdisciplinary assessment of the habitability of 
Kepler planets, consistent with the known observational data. 

Provide the tools and interdisciplinary expertise to assess and rank 
the habitability of targets for JWST  
•  and to maximize information retrieval from the spectra that are 

obtained. 

Inform the downselect and maximize the science return from direct 
imaging planet detection and characterization missions 
•  modeling plausible extrasolar planetary environments and determining 

the detectability and measurement requirements for signs of habitability 
and life on extrasolar planets. 



Challenges	
  to	
  Characteriza,on	
  





Multidisciplinary = fruit salad 
Interdisciplinary = fruit smoothie 
                                     - M. Voytek 



Objective 1: Characterize Habitability and Biosignatures for an Earth-
like Planet.!
!
Produce a definitive dataset of the photometric and spectral characteristics for 
the Earth!
!
Upgrade the model to:!
•  Support transit transmission simulations!
•  Add polarization capability (in collaboration with the OCO-2 Team),!
•  read in 3-D GCM data. !
!
Products are used to:!
•  explore the detectability of signs of habitability and life for the Earth!
•  validate the retrieval techniques developed in Task E: The Observer, and!
•  expand our 3-D spectral visualization capability to planets other than the 

Earth.!



Cowan et al., 2010, Robinson et al., 2011 



Robinson et al., 2014 Robinson et al., 2014 

•  Collaboration with NLSI and LCROSS to validate the Earth 
model and test the detectability of ocean glint and ozone.    

This phase (129°) would 
require 77mas separation 
for an Earth twin at 10pc 



Objective 2: Characterize the Environment, Habitability and 
Biosignatures of the Earth Through Time.!
!
For several critical periods throughout the Earth’s history we will synthesize 
field, laboratory and modeling efforts to constrain planetary environmental 
parameters including surface temperature, atmospheric pressure and 
composition, and to determine biogeochemical cycling and greenhouse 
effects consistent with these constraints. !
!
!
Products:!
•  improved understanding of the environmental parameters, climate and 

atmospheric biosignatures for ecosystems and environments dominated 
by a wide range of different metabolisms.!





A meerkat licking Archean raindrop impact craters, the size of which indicates that atmospheric 
density ~2.7 billion years ago was similar or lower than now (Som et al., 2012) 



Objective 3: Develop Interdisciplinary, Multi-Parameter 
Characterization of Exoplanet Habitability.!
!
Interdisciplinary exploration of the interdependent effects of the Galactic 
environment, parent star, planetary system environment and planetary 
characteristics on planetary habitability.!

Galactic interactions, stellar radiative and gravitational interactions, stellar activity, limits of the 
habitable zone using 1-D and 3-D models. !

One focus will be on factors affecting M dwarf planets, as these are likely to be 
the first targets amenable to spectroscopic follow-up. !
!
Products:!
•  a more complete picture of planetary habitability, !
•  an enhanced tool box of coupled codes. !
•  Modeling tools will be used to assess and rank newly discovered planets for 

likely habitability, and prioritize them for follow-up.!



Stellar	
  Ac,vity	
   Internal	
  Energy	
   Orbital	
  Stability	
  

Orbital	
  Evolu,on	
   Spin	
  Evolu,on	
  

Radia,ve/Convec,ve	
  Model	
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  Forma,on	
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VPLanet	
  
	
  



Barnes et al., 2012;  
Segura, Walkowicz et al., 2010 

Tidal  
Venuses 



Depending	
   on	
   the	
   strength	
   of	
  
surface	
  sinks,	
  several	
  hundreds	
  of	
  
bars	
   of	
   photoly,cally-­‐produced	
  
O2	
  can	
  poten,ally	
  build	
  up	
  in	
  the	
  
atmospheres	
  of	
  these	
  planets.	
  

Luger	
  &	
  Barnes	
  (2014),	
  submi&ed	
  

Total	
  Water	
  Lost	
  

VPL	
   researchers	
   show	
   that	
  
terrestrial	
   planets	
   can	
   lose	
  
several	
  Earth	
  oceans	
  of	
  water	
  via	
  
hydrodynamic	
   escape	
   during	
   the	
  
super-­‐luminous	
   PMS	
  phase	
  of	
  M	
  
dwarfs.	
  

Luger	
  &	
  Barnes	
  (2014),	
  in	
  review	
  

Atmospheric	
  O2	
  

Depending	
   on	
   surface	
   sinks,	
   up	
  
to	
   several	
   hundreds	
   of	
   bars	
   of	
  
photoly,cally-­‐produced	
   O2	
   can	
  
poten,ally	
   build	
   up	
   in	
   the	
  
atmospheres	
  of	
  these	
  planets.	
  

Luger	
  &	
  Barnes	
  (2014),	
  in	
  review	
  

O2 as a Biosignature – Planetary False Positives are Growing… 



Objective 4: Determine the Impact of Life on Terrestrial Planet 
Environments and the Generation of Biosignatures.!
!
Use field and laboratory research integrated with coupled chemical, climate 
and ecosystem models to explore life’s co-evolution with its environment, and 
the limits of photosynthesis. !
Biogenic Gases from Anoxygenic Photosynthesis in Microbial Mats  !
The Long Wavelength Limit of Photosynthesis !
Coupled Ecosystem Climate Modeling!
Generation of New Biosignatures via Photochemical Modeling!
Thermodynamic and Kinetic Disequilibrium Biosignatures. !
!
Products:!
•  Identification of new remote-sensing atmospheric and surface 

biosignatures!
•  Improved understanding of how photosynthesis may adapt to extrasolar 

light environments.!



Acaryochloris 
with Chl d  

Chl a cyanobacterium 

Mielke et al (2013) BBA, 1827(3):255-265  

Native spectral light 
environment!

Cellular & Molecular Biophysics 

Kiang et al., in prep  



Objective 5: Define Required Measurements and 
Optimal Retrieval Methods for Exoplanet 
Characterization Missions.!
!
Use Kepler data of multiplanet systems to search for new, 
smaller planets and constrain planetary mass.!
!
Develop an optimal exoplanet spectral retrieval system for 
determination of planetary atmospheric and surface 
properties from exoplanet spectra.!
•  specifically for exoplanet data!
•  will incorporate consistency with known data on the 

planet, and basic physical and chemical constraints on 
planetary atmospheres.!

•  Uses existing instrument simulators for JWST, and 
other exoplanet detection and characterization 
missions.  !

Products:!
•  Assessment of the detectability of signs of habitability 

and life for the early Earth and exoplanet 
environments generated by the previous four tasks.!
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Atmospheric	
  Retrieval	
  Analysis	
  on	
  Real	
  Data	
  

Line	
  et	
  al.,	
  	
  2014	
  Secondary Eclipse data 



Ensemble	
  Planetary	
  Albedo	
  Determina,on	
  	
  

•  5340 total eclipses 
•  Albedo = 0.22 +/- 

0.06 (if no thermal) 
•  Without Kepler-10b 

Sheets and Deming, 2014, ApJ, 794, 133S 



Atmospheric	
  Retrieval	
  for	
  Terrestrial	
  Exoplanets	
  



Education and Public Outreach 
•  Partnership with the Pacific 

Science Center in Seattle 
–  Science on a Sphere 
–  Science Communication Fellows 
–  Portal to Current Research 
–  Science Cafes  

•  UW Astrobiology Colloquium 
Series 

•  Astrobiology 115 
–  Expansion of students taught 
–  Packaging of course materials for 

use by other institutions.  

•  Participation in Joint NAI 
Efforts.  

•  UW Dual-Title PhD in 
Astrobiology.  



 

The Virtual Planetary Laboratory 
 
 
 
 
 
 
 

Science: The Search for Habitable Environments and Life Beyond 
the Solar System. 

 
Approach: Self-consistent models of planetary environments and 

their spectra.  
 

Input: Field and laboratory work, planetary observations, constraints 
from the geological and biological records.  

 
Output: Improved understanding of past and environments that 

cannot yet be directly observed.  Synthetic planetary spectra and 
detectability for existing and novel biosignatures.  

 


